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Looped archwires are employed
routinely, within many treatment
philosophies, in clinical orthodontic
retraction procedures. The formation
of such loops takes the wire material
well beyond its elastic limit and,
upon completion of the bending
process, leaves the wire in a residual
stress state beyond that existing in the
asreceived condition. This study
sought to discover if stress relief is a
necessary or advisable procedure in
the over-all preparation of certain or-
thodontic retraction loops and to de-
termine whether or not wires of dif-
fering sizes and vendors and different
loops exhibit variations in mechani-
cal behavior depending upon the
type of stress-relief process.

The mechanical properties of elas-
tic stiffness and elastic range were de-
termined for a number of loop, wire-
size, and vendor combinations. Loops
subjected to electric-current and fur-
nace stress-relief processes were com-
pared with counterparts having re-
ceived no stress relief following. for-
mation from straight wire. Clinical
implications have been deduced from
the bench-test results and suggestions
made pertaining to the need or de-
sirability to stress relieve, when and
by what process.

REVIEW AND INTERPRETATION OF
PrevViOUs RESEARCH

The use of various orthodontic wire
loops to accomplish treatment objec-
tives has been studied by a number of
investigators over the past four dec-
ades.'® Collectively, these researchers
have cited three mechanical proper-
ties of loops as particularly important

to the practitioner: 1) elastic stiffness
(the ratio of change in induced force
to change in amount of activation at
low force levels); 2) elastic limit load
(the force at which, upon unloading,
permanent deformation or “set” with
respect to the initial, passive loop
configuration is detected); and 3) elas-
tic range (the amount of activation
possible without exceeding the elastic
limit of the loop). General agreement
exists with the following statements
concerning looped wires: 1) no loop
exerts a truly continuous force; 2)
loops may be contoured to “open” or
to “close” upon activation; 3) the use
of any loop will result in reduced
stiffness and greater range of the ap-
pliance because of the increased
length of wire between the brackets;
4) the loop stiffness may be decreased
by incorporating helices in the loop
and/or by reducing the cross-sectional
dimensions of the wire of the loop;
and 5) the elastic range of a loop is
increased if the loop is activated in
the same direction as it was formed.

While austenitic stainless steel as a
material reportedly cannot be sub-
stantially hardened (made more re-
silient) through heat treatment, re-
search has shown that relevant me-
chanical property values of stainless
steel orthodontic wire can be altered
somewhat through a low-temperature
stress relief. Experimentation has
been conducted toward determination
of the optimum temperature and time
combination for the stress-relief heat
treatment of stainless steel wire?-13
Investigators have commented on the
directions and/or amounts of particu-
lar property value changes resulting
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from low-temperature heat treat-
ment,”14% although disagreements ex-
ist among researchers regarding these
changes and in the over-all effective-
ness of such a heat treatment.

The placement of bends in a wire
is a work-hardening process. In such a
procedure the level of stored strain
energy in the wire is increased and,
as mentioned previously, a residual
stress pattern resulting from taking
the material beyond its elastic limit
remains in the now looped wire. A
stress-relief process is, in general, one
that transfers energy to the material
as a means of releasing energy from
it, the process executed in such a
fashion as to result in a net reduction
in the residual stresses and in the
stored energy level within the mate-
rial. This may be accomplished
through a furnace heat-treatment
with, in the case of stainless steel
wire, the furnace temperature and
the time at temperature carefully con-
trolled to produce the desired effect
without markedly reducing the cor-
rosion resistance of the wire. Three
to five minutes in a furnace main-

tained at 700 to 900 degrees Fahren-
heit has proven appropriate; the

higher the temperature, the less the
time in the furnace.

While stress relieving via the fur-
nace has been commonplace in den-
tistry for years, other means exist to
transfer energy and initiate the proc
ess. Recently, devices have been mar-
keted by orthodontic/dental suppliers
which provide energy input to the
wire, transferred by means of an elec
tric current. The wire in place in the
device completes a circuit, a trans-
former and rheostat increase and con-
trol the current input, and the circuit
is charged for only a few seconds.
The dental literature apparently con-
tains no studies evaluating this par-
ticular stressrelief procedure, which
in this research was compared with
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furnace heat treatment and a control
(no stress relief following loop forma-
tion).

MATERIALS AND PROCEDURES

Wires chosen for this study were of
sizes often employed in retraction
procedures in edgewise orthodontics.
The rectangular wires of two vendors
were selected which, even though ma-
terially identical, possessed clinically
detectable mechanical property differ-
ences, apparently originating with
their separate wire manufacturing
(drawing) processes. Obtained on the
open market were samples of .019-
inch by .026-inch and .021-inch by
.027-inch TP “Rounded Edgewise”
and .019-inch by .025-inch and .021-
inch by .025-inch Unitek “Standard
Permachrome” wires.

The loops to be formed were se-
lected to include in the sample both
“opening” and “closing” loops with
and without helices. Specifically cho-
sen, also in part because of their
widespread use, were the tear-drop,
the simple reverse-closing, and the
helical reverse-closing loops (Fig. 1).

All loops were bent using typical or-

thodontic pliers and clinical tech-
niques, except that for standardiza-
tion a template of “master” loops was
initially prepared. Each test specimen
formed was immediately checked
against the template by superposition
for size and shape conformity. All
loops were seven millimeters in
height and the tear-drop, the simple
reverse-closing, and the helical re-
verse-closing loops contained 15, 18,
and 25 millimeters of wire, respec-
tively.

Eighteen acceptable loops of each
of the twelve wire-loop combinations
were subdivided into six-specimen
subsamples. Within each wire-loop
combination six specimens were heat
treated in a Huppert Deluxe Furnace
at 850°F for 3.5 minutes, six under-
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Fig. 1 The three loops used.

went electric-current stress relief using
the Orthotreat unit marketed by Den-
tal Corporation of America, subject-
ing the individual loops to seven
amperes for four seconds, and six re-
ceived no stress relief whatever fol-
lowing formation. The furnace tem-
perature and time were chosen fol-
lowing evaluation of previous re-
search. The current level and time
combination was a result of a pilot
study and was determined primarily
from the production of the straw-
colored wire surface in the shade seen
in the treated wires taken from the
furnace.

In a typical test, using an experi-
mental apparatus designed and manu-
factured specifically for the labora-
tory quantification of mechanical
properties of orthodontic wires, force
readings were taken at half-millimeter
increments of activation. Beyond one
millimeter the loop was deactivated
after each force reading to determine
at what point the elastic limit was
exceeded (as evidenced by permanent
set); when this was reached, no fur-
ther data were collected from the
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specimen. The elastic stiffness for a
specimen was obtained by averaging
the ratio of force to activation read-
ings below the elastic limit. With
each tear-drop loop, in determining
stiffness, any residual force (compres-
sive, between the legs of the loop) was
quantified initially and subtracted
from all subsequent force readings.

Mean elastic stiffness and range
values were obtained for each of the
thirty-six subsamples and analyses of
variance were carried out via a digital
computer toward statistical compari-
sons of the dependent-variable values
according to wire size, vendor, loop,
and stress-relief process.

DiscussioN OF RESULTS

The main-effect differences in stiff-
nesses as provided by an analysis of
variance were partially as expected;
loops formed from the smaller wires
were more flexible than those from
the wires of greater cross-sectional di-
mensions and the Unitek wire loops
were verified to be stiffer than those
formed from the TP wire. However,
the simple reverse-closing loop, de-
spite the slightly greater length of
wire incorporated in it, proved to be
stiffer than the tear-drop loop. The
helical reverse-closing loop was the
least stiff of the three. The rank or-
der, most flexible to stiffest, of the
loops by stress relief was none to elec-
tric-current to furnace. All main-effect
differences in stiffness were highly sta-
tistically significant (p <.001). The
stiffness analysis of variance produced
only one interaction, that between
wire size and loop type, and judged
weak because rank orders were un-
changed from those of the main-effect
comparisons. The mean stiffness
values for the 36 subsamples are given
in Table I

The range analysis-of-variance sum-
mary also reflected highly significant
differences in all four factors. Elastic



142 Richardson and Krayachich April 1980
TABLE 1
Mean Stiffness Values (in grams/mm.) for All Subsamples
Stress TP Unitek
Loop Relief 19 % 26 21 x 27 19 % 25 21 x 25
Tear-drop None 365 576 448 594
Electric 390 554 484 638
Furnace 418 554 491 677
Simple None 436 588 500 726
gfo"s‘j;sg Electric 531 634 499 728
Furnace 487 721 616 7178
Reverse None 288 394 380 489
Closing . 5 4
with Electric 352 458 414 483
Helix Furnace 368 435 418 502
TABLE 11
Mean Range Values (in millimeters) for All Subsamples
Stress TP Unitek
Loop Relief 19 % 26 21 x 27 19 % 25 21 % 25
Tear-drop None 1.7 1.3 18 L4
Electric 2.0 1.7 2.0 1.8
Furnace 1.8 15 24 2.0
Simple None 1.9 1.8 2.6 2.0
Reverse . -
Closing Electric 2.3 19 24 1.7
Furnace 2.1 1.8 2.8 2.2
Reverse None 2.4 22 3.0 2.8
Closing .
with Electric 2.7 2.8 3.2 29
Helix Furnace 3.2 2.7 3.3 3.0
ranges were greater for the Unitek TABLE 111

than for the TP wires and, as ex-
pected, greater for the loops formed
from wires of smaller cross-sectional
dimensions. The rank order by loop
type varied directly with the amount
of wire in the loop; the rank order
according to stress relief was for
range identical to that for stiffness.
Mean range values for all subsamples
are presented in Table II. Again, just
one interaction was significant, that
between vendor and stress relief; be-
cause this interaction is judged to
have clinical implications, with rank
order differences present, the mean
range values are given in Table IIL.

In undertaking a discussion of the

Significant Interaction:
Vendor with Stress Relief

Mean Range Values in Millimeters

Stress Vendor

Relief TP Unitek
None 1.88 2.26
Electric 221 2.30
Furnace 2,16 2.60

results of this study from a clinical-
implications standpoint, it is first con-
venient to establish several references.
First, recall that the stiffness value
enables the determination of the in-
itial force magnitude from the amount
of activation of the loop within the
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elastic limit and the deactivation rate
of the loop. Taking suggested physio-
logically-proper values from Gianelly
and Goldman,¢ bodily retraction of
a maxillary incisor pair (central and
lateral) requires approximately 325
grams and for a mandibular incisor
pair about 275 grams; addition of the
canines to the segments increases
these values to about 500 and 425
grams per side, respectively. Second,
the clinician, using wires of the sizes
employed in this research, is often re-
luctant to activate these loops more
than 1.5 millimeters (with the possi-
ble exception of the helical loop); the
practitioner avoids inelastic behavior,
excessive force levels, and potential
loss of control intraorally. Third,
with respect to the dependent vari-
ables of this study, for argumentative
purposes minimum clinically-signifi-
cant differences in stiffness and in
range values were somewhat arbitrar-
ily set at 50 grams per millimeter and
one-half millimeter, respectively. Be-
fore concentrating on matters of
stress-relief influence, noteworthy is
the apparent fact that direction of
loop activation, with respect to the
direction of loop formation from
straight wire, can affect stiffness more
substantially than length of wire in
the loop. Although incorporating
three millimeters less wire, the tear-
drop loop was found to possess an
over-all average stiffness approxi-
mately 90 grams per millimeter less
than that of the simple reverse-closing
loop. Similar results were obtained by
Engel .V

Mean results of this study indicated
stress relieving by the electric-current
procedure increased loop stiffness by
6.6 percent; the increase in stiffness
by relieving residual stresses in the
furnace was 11.8 percent. While the
mean increases by both methods were
statistically significant with respect to
the control, the main-effect difference
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in resulting stiffnesses between the
two procedures was not statistically
significant. In terms of the clinically-
significant  difference figures estab-
lished above, a review of Table 1
leads to the deductions that 1) gen-
erally the furnace stress relief pro-
duces a significant stiffness increase,
2) often the electric current proce-
dure results in a significant increase,
and 3) when the electric-current
method produces a significant stiff-
ness increase, the difference between
resulting stiffness values via the two
stress-relief procedures is insignificant.

The mean percentage increases in
range by stress relieving by the elec
triccurrent and furnace methods
were found to be 9.1 and 13.9, re-
pectively; again, while both were sig-
nificantly different, statistically, from
the mean range of the control, the
differences between the mean ranges
of the stress-relieved subsamples were
insignificant. Viewing Table II and
recalling the clinical “standard” of
difference chosen for range (0.5 milli-
meter), it is difficult to describe a
pattern throughout in simple terms
other than to note that a clinically
significant difference generally exists
between the control (as-formed) and
one or both of the stressrelief proc-
esses. However, again noting the in-
teraction (Table III) emphasizes the
important point that the effect of
type of stressrelief procedure on the
as-formed loop depends, to some ex-
tent, on the as-received condition of
the 18-8 stainless steel wire.

By increasing both the elastic stiff-
ness and the range of the loop through
stress relief following formation, the
loop is made more resilient; although
not measured directly, the elastic
strength, by reason of its relationship
with stiffness and range, must also ex-
perience an increase. While the effects
of stress relief on three of these four
important properties are positive, fo-
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cus must be on the impact of stress
relief on stiffness in view of the afore-
mentioned, suggested force levels for
retraction and the rather narrow lim-
its of activation (1.0-1.5 millimeters)
apparently employed by the typical
clinician using these looped wires,
Specifically, note in Table I that, for
an activation of just 1.0 millimeter,
none of the stress-relieved loops will
produce an initial force under the
suggested value to bodily move an in-
cisor pair. Also noteworthy is the re-
sult that, although increasing the
elastic range is inherently good, with
only two wire-loop combinations are
the as-formed ranges below 1.5 milli-
meters (Table II); for most clinicians
perhaps only these two would be can-
didates for range extension through
stress relief.

Generalizing, both the electric-cur-
rent and furnace techniques of stress
relief have been shown to increase the
resilience of stainless steel wire loops,
with the furnace method usually be-
ing somewhat more effective. The in-
creased stiffness, however, is detri-
mental to simple loops formed of
heavy wire. If choosing to siress re-
lieve in certain situations, because of
the initial investment and substantial
time involved with the furnace pro-
cedure, the practitioner might be
well-advised to try the electric-current
device. ‘

' CONCLUSIONS

The purposes of this investigation
were to determine 1) if stress relief is
a necessary or desirable procedure in
the preparation of certain orthodontic
retraction loops and 2) whether or
not wires of differing sizes and ven-
dors and different loops exhibit varia-
tions in mechanical behavior depend-
ing upon the type of stress-relief proc-
ess.

Stress relieving the various loops
generally resulted in greater resili-
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ences, reflected in increases in both
stiffness and range in nearly all re-
lieved subsamples compared to the as-
formed loops. The increased resil-
iences were statistically independent
of wire size and vendor and whether
the loop was contoured to open or to
close upon activation. Stiffnesses were
generally raised a greater amount
through furnace stress relief than by
the electric-current procedure; the
comparative increases in range with
respect to the as-formed loops were
found to be dependent upon wire
vendor.

The following conclusions seem-
ingly can be drawn from this research
and probably reasonably extrapolated
to other stainless steel wires and loops
formed therefrom:

1. Stress relieving, in increasing the
elastic range of the loop, is in itself
helpful to the clinician in situations
where maximum activation is re-
strained by the elastic limit of the
loop.

2. Stress relieving, in increasing the
elastic stiffness of the loop, leads to a
higher initial force magnitude for a
given activation level and a larger
drop in loop force per unit of deacti-
vation. For loops having stiffness
values comparable to those evaluated
in this research, this is definitely an
undesirable property-value change if
keeping retraction forces at physio-
logically-proper levels is an objective.

3. All effects considered, stress re-
lieving the particular loops chosen
for this study probably is not practi-
cal from a clinical standpoint; how-
ever, for other, more flexible loop
configurations, the process might be
worthwhile.

4. Differences in results between the
two stress-relief procedures were not
substantial clinically, but were gen-
erally found dependent upon the as-
received conditions of the wires. Prac-
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titioners who choose to stress relieve
in certain instances might be led to
use the electric-current procedure,
owing to its comparative ease and low
cost, but experimentation with both
methods is suggested with the various
vendors’ wires under consideration
for the particular case and mechanics.
Department of Orthodontics

Saint Louis University Medical Center
3556 Caroline Street

St. Louis, Missouri 63104
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